Novel morphological and genetic markers for the discrimination of three European Pityokteines (Coleoptera: Curculionidae: Scolytinae) species by MILAN PERNEK et al.
Novel morphological and genetic markers
for the discrimination of three European Pityokteines
(Coleoptera: Curculionidae: Scolytinae) species
Abstract
Background and Purpose: The three palearctic species Pityokteines
spinidens, P. curvidens and P. vorontzowi are main pests on Abies species
and their impact on Abies stands is increasing. As the three scolytid species,
particularly females, are difficult to distinguish, this study aimed to find ad-
ditional morphological characters for identification. Further, part of the
mitochondrial COI gene was sequenced to develop a significant barcode
marker for future use.
Material and Methods: All three bark beetle species were collected from
logs in Croatia (Litori} and Trako{}an), in order to quantify the number of
strial and interstrial punctures. Insect DNA was extracted and PCR prod-
ucts were purified, directly sequenced, aligned and analyzed by MP analysis
and Bayesian analysis.
Results and Conclusion: The number of punctures in the first and sec-
ond interstriae between the elytral base and the sutural tubercle proved to be
a valuable tool for the differentiation of P. spinidens from P. curvidens
and P. vorontzowi. This morphological feature was consistent with the
number of punctures which varied for the first and the second interstriae in
P. spinidens compared to P. curvidens and P. vorontzowi. The mitochondrial
COI gene provided another means in the discrimination of Pityokteines
species, revealing that P. curvidens and P. vorontzowi are sister species.
INTRODUCTION
The genus Pityokteines (Fuchs) occurs worldwide and includes tenspecies: P. elegans (Swaine), P. lasiocarpi (Swaine), P. minutus (Swaine),
P. mystacinus (Wood), P. ornatus (Swaine), P. sparsus (LeConte), P.
curvidens (Germar), P. spinidens (Reitter), P. vorontzowi (Jacobson) and
P. marketae (Knizek). The former six species occur in Nearctic while
the latter four occur in the Palearctic (1, 2). P. marketae was described in
Turkey and no further finding was reported since then (2). P. spinidens
and P. vorontzowi occur in Abies habitat from the Pyrenees to the Cau-
casus Mountain and P. curvidens additionally in Asia minor and Japan
according to Pfeffer (3). All species are phloeophagous and polygynous,
spending most of their life cycle under the bark besides a short dispersal
period as adults. The pupal stage occurs inside the sapwood (4). P.
curvidens and P. spinidens usually breed in the lower trunk of silver fir
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crown (5). The three palearctic Pityokteines species often
show relatively high levels of aggressiveness and thus are
considered to be economically important forest pests.
They have been reported as an important factor in silver
fir decline in some parts of Europe, a complex disease
caused by a variety of abiotic and biotic factors (6). P.
curvidens, P. spinidens and P. vorontzowi are commonly
found in Croatia and have been associated with increased
levels of silver fir mortality since the beginning of 2000 (7).
During mass infestations these species have contrib-
uted greatly to the damage of silver fir in the southern
parts of Europe (7–9). In Croatia, silver fir belongs to the
economically important tree species and outbreaks of the
fir bark beetles resulted in timber loss of a few thousand
m3 in 2002, about 100.000 m3 in 2003, about 130.000 m3
in 2004 and more than 300.000 m3 in 2005 (7). Most
probably, drought increased the attractiveness of declin-
ing trees to beetles whereas high temperatures favored
beetles’ development (7).
Increased research aiming to control these beetles re-
quires a rapid and accurate means of species identifica-
tion. The existing taxonomic keys for the palearctic group
of Pityokteines (3, 10, 11) caused difficulties as the aver-
age body size of two species is greater for P. curvidens and
P. spinidens compared with P. vorontzowi (3, 12, 13). Fur-
thermore, the described characters like length of the setae
on the anterior margin of the pronotum of females or the
position of the first sutural tubercle of males are variable
and often lack accuracy.
Recent advances in molecular techniques have as-
sisted in the development of another valuable tool in the
resolution of taxonomical questions. DNA barcoding in-
volves the sequencing of a signature region of the mito-
chondrial genome in order to identify inter- or intra-
specific differences (14, 15). Among 13 mitochondrial
DNA (mtDNA) protein coding genes, Cytochrome Oxidase
subunit one (COI) demonstrated a slow rate of amino
acid change (16).
This study aims towards description of novel mor-
phological characters and defining the three species by a
partial region of the mitochondrial COI gene to facilitate




All three bark beetle species were collected from logs
in Litori} (550 m) and Trako{}an (400 m), two natural fir
forests in Croatia (Table 1). At least 52 specimens were
randomly selected for each of the three Pityokteines spe-
cies in order to quantify the number of strial and inter-
strial punctures (Table 2). Several other morphological
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TABLE 1
Information on the locations, both situated in Croatia.
Location nm ng Alt.(m) Long. Lat.
P. curvidens Litori} 8 1 550 15°04’E 45°27’N
Trako{~an 9 – 450 15°56’E 46°05’N
P. spinidens Litori} 10 1 550 15°04’E 45°27’N
Trako{~an 7 – 400 15°56’E 46°05’N
P. vorontzowi Litori} 7 1 600 15°04’E 45°27’N
Trako{~an 8 – 450 15°56’E 46°05’N
Total 49 3
TABLE 2
The number of punctures in the first (1s) and second stria (2s) and first (1i) and second interstria (2i) between the
elytra base and sutural tubercle of P. curvidens, P. spinidens and P. vorontzowi.
Number of individuals analyzed P. curvidens P. spinidens P. vorontzowi
1i a 26 10.2 ± 1.03 5.9 ± 1.14 9.4 ± 0.93
b 26 10.2 ± 1.15 6.0 ± 1.03 9.5 ± 1.04
2i a 26 10.7 ± 1.23 6.2 ± 1.23 9.6 ± 1.12
b 26 10.6 ± 1.43 6.8 ± 1.30 10.3 ± 1.01
1s a 26 12.1 ± 1.10 13.2 ± 1.04 10.4 ± 1.12
b 26 14.6 ± 1.85 15.2 ± 1.70 13.1 ± 1.26
2s a 26 12.1 ± 1.27 13.5 ± 1.34 10.8 ± 1.38
b 26 14.6 ± 1.48 15.5 ± 1.53 13.3 ± 1.43
features, such as antennae and cuticular structures, were
investigated for variation. The strial and interstrial punc-
tures (Figure 1) were counted in the first and second elyt-
ral stria and interstria beginning from the elytral base to
the sutural tubercle (at the base of the elytral declivity)
under a stereo microscope at magnification of 40x. The
numerical data were analyzed using StatSoft, Inc. (2005),
STATISTICA (data analysis software system), version 7.1.
Scanning electron microscopy
For the purpose of taking scanning electron micro-
photographs, 49 adult beetles were collected from logs in
Litori} and Trako{}an (Table 1). The beetles were washed
in acetone using an ultrasonic bath (Bandelin, Sonorex
TK 20 R). After drying, the beetles were mounted on
specimen stubs directly with conductive silver. The spec-
imens were sputtered in a SEM coating system with gold
palladium using a voltage of 2 kV and current intensity of
20 mA for 90 under vacuum of 0.2–10 mbar (Polaron
E5100, Hatfield, PA, USA). Electron micrographs were
taken with the JEOL JSM 5200 scanning microscope
(JEOL, Tokyo, Japan).
Molecular identification
The three species were collected in Litori} (Table 1)
and stored in absolute ethanol at –20 °C. Insect DNA
was extracted using the GenEluteTM Mammalian Geno-
mic DNA Miniprep Kit (Sigma, USA) following the
manufacturer’s protocol and eluted in 50 ml elution buffer.
Amplification was carried out in 50 ml reactions contain-
ing 3.75 mM MgCl2 125 mM dNTPs (Fermentas, Lithua-
nia), 0.5 mM of forward primer UEA5 and 0.5 mM of re-
verse primer UEA10 (17) and 1U of Biotherm Taq (Ge-
necraft, Germany). Thermocycling was performed in a
Primus 25 advanced Thermocycler (PeqLab, Germany)
and consisted of an initial denaturation step of 3 min at
94 °C, which was followed by 33 cycles at 94 °C (30 s), 48 °C
(60 s) and 72 °C (90 s) and a final extension step at 72 °C
(10 min). PCR products were purified using the QI-
AquickTM PCR Purification Kit (QiaGen, Austria) and
directly sequenced with UEA10 on an ABI 3770 capil-
lary sequencer (Applied Biosystems). To exclude cases of
base misincorporation due to PCR error, haplotypes rep-
resented by only a single individual were verified by ad-
ditional sequencing of an independent amplicon. The
obtained sequences (480 bp) together with the homolo-
gous sequences of three outgroup species retrieved from
the Genbank: Pityogenes chalcographus (DQ516014), Ips
cembrae (AF113338) and Ips pini (AF113376) were ali-
gned using Clustal X v1.83 (18) with the default settings.
A maximum Parsimony (MP) approach was used as it is
implemented in PAUP* version 4.0b (19), performing
heuristic MP searches using 100 random-addition se-
quence replicates and exploring tree space by the Tree
Bisection and Reconnection (TBR) branch swapping.
MP bootstraps were performed using a heuristic search
(100 random-addition-sequence replicates, TBR branch
swapping) and 1000 pseudoreplicates. In addition to MP
analysis, Bayesian analysis was performed by MrBayes
version 3.1.1 (20) using the nucleotide substitution model
proposed by MrModeltest v2.1 (21). General time-revers-
ible model (GTR; 22) with rate heterogeneity (23) using
invariable sites (a=0.3969, I=0.4094) was found to be the
most appropriate one. The number of generations was set
to 10,000,000 with a sampling frequency of 100 genera-
tions in dual running process using four chains each run.
After 2,207,000 generations, stationarity was achieved; the
average standard deviation of split frequencies ranged be-
tween 0.001486 and 0.001328. Thus, only the last 7,793
trees of each run were used to compute a majority rule
consensus tree and clade posterior probabilities.
RESULTS
Morphological data
The electron microscopic analysis of setal arrange-
ment on antennal clubs or different setal types of the
elytrae among P. spinidens, P curvidens and P. vorontzowi
showed no differences in shape or length. Analysis of
other parts of the beetle exoskeleton showed no new fea-
tures useful for identification. The single obvious and
consistent difference was the number of punctures in the
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Figure 1. Details of strial punctures and punctures on interstriae on the elytra of P. curvidens.
first and second interstria of the elytral disk. P. spinidens
differed significantly from the other two species with
fewer punctures, which varied to 5.9 ± 1.4(a) and
6.0 ± 1.03(b) for the first interstria and 6.2 ± 1.23(a)
and 6.8 ± 1.30 (b) for the second interstria (Table 2). P.
curvidens and P. vorontzowi had more similar punctures
on the elytra compared to P. spinidens (Table 3, Figure 2).
No difference was found in the number of punctures in
the first and second stria comparing all three bark beetle
species (Figure 2).
Molecular data
One specimen per species was analyzed and sequences
were deposited in the Genbank (EF534717-EF534719).
Four mutations occurred between P. curvidens and P.
vorontzowi, three being on the 3rd codon position and one
on the 1st codon position. The transition/transversion
(Ts/Tv) ratio was 3/1. P. curvidens and P. spinidens re-
vealed 79 differences, six on the 1st, three on the 2nd, and
70 on the 3rd codon position. Here the Ts/Tv ratio was
54/25 (Table 4). P. vorontzowi and P. spinidens revealed
five 1st, three 2nd, and 68 3rd codon positions and a Ts/Tv
ratio of 52/25 (Table 3).
Application of Bayesian statistics as well as of the MP
criterion revealed that the three palearctic Pityokteines
species are monophyletic (Figure 3). The posterior prob-
ability supporting the monophyly of the Pityokteines ge-
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Number of punctures in first two stria and interstria


















Figure 2. Statistical analysis of the differences in the number of punc-
tures in the 1st and 2nd striae and interstriae of the three sampled
Pityokteines species.
TABLE 3
Multiple comparisons p values, Kruskal-Wallis test H(11, N=624)=419, p=0,000.
Pc_m_1i Pc_m_2i Pc_f_1i Pc_f_2i Ps_m_1i Ps_m_2i Ps_f_1i Ps_f_2i Pv_m_1i Pv_m_2i Pv_f_1i Pv_f_2i
Pc_m_1i * * * *
Pc_m_2i * * * * *
Pc_f_1i * * * *
Pc_f_2i * * * * *
Ps_m_1i * * * * * * * *
Ps_m_2i * * * * * * * *
Ps_f_1i * * * * * * * *
Ps_f_2i * * * * * * * *
Pv_m_1i * * * * * *
Pv_m_2i * * * *
Pv_f_1i * * * *
Pv_f_2i * * * *















Figure 3. a) 50% majority rule consensus tree constructed by Bayesian
analysis and b) 50% majority rule consensus tree based on the Maxi-
mum Parsimony analysis, of the three Pityokteines species with three
outgroup species. Numbers above nodes indicate posterior probabili-
ties and bootstrap values (1000 replicates) for Bayesian and MP, re-
spectively.
nus reached 1,00 and the bootstrap value was 98.5%. In
both approaches, P. curvidens and P. vorontzowi were
found to be sister species (1,00/100).
DISCUSSION
The existing taxonomic keys for the palearctic group
of Pityokteines (3, 10, 11) are problematic as the average
body size of two species is greater and ranges from 2.2 to
3.2 mm for P. curvidens and from 1.9 to 3.1 mm for P.
spinidens while sizes for P. vorontzowi range between 1.9
to 2.5mm (3, 12, 13). Given that size range overlaps
among the species, size is a poor identifier of species. Ad-
ditional ambiguity appeared among the traditional qual-
itative characters used for species identification. For ex-
ample, it has been reported that the shape outlined by the
2nd and 5th spines of the elytral declivity is square-like for
P. curvidens and P. vorontzovi when compared to a rectan-
gle shape for P. vorontzovi (3). In contrast, Urban (13) re-
ports that the space between the spines for P. curvidens is
rectangle-shaped while it is trapezoidal for the other spe-
cies. In addition, the length of the setae on the anterior
margin of the pronotum of females was an unreliable
character for species determination. The hairs are often
deformed, clumped and the length differences are un-
clear (7). Even the identification of males often lacks ac-
curacy due to the fact that the position of the first sutural
tubercle is not always such as described for the identifica-
tion of P. spinidens.
This study found that the number of punctures in the
first and second interstriae was a reliable character for
identification of the three Pityokteines species (Table 3).
Misidentification of P. spinidens by use of the mentioned
characters was < 1% (Table 3, Figure 2). Since the char-
acter can be easily seen with a stereo microscope at 40x
magnification, it is expected that this character can be
utilized easily by forest entomologists.
The phylogenetic analysis provides an insight into the
relationships of the three Pityokteines species. P. curvidens
and P. vorontzowi are sister taxa, which was evident by
both phylogenetic approaches (MP and Bayesian analy-
sis) but was also revealed by nucleotide divergence – se-
quence divergence between P. curvidens and P. voront-
zowi which was 0.83%. On the contrary, when these two
species were compared with P. spinidens, sequence diver-
gence was 16.46% compared to P. curvidens and 15.83%
compared to P. vorontzowi) (Table 4). This result it makes
evident that, besides being a novel morphological char-
acter, mtDNA markers represent a valuable tool that
could facilitate the discrimination of Pityokteines species.
However, the inclusion of more samples from these spe-
cies will provide a more precise estimate of intra- as well
as inter-specific differentiation and create the basis of a
robust DNA barcoding tool for the palearctic Pityokteines
species (24).
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